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PREFACE

™is Interim Report was prepared for the Environmenta! Protection
Agency under EPA Contract No. 68-02-3938, Work Assignment 37. The work
assignment was directed by Mitchell 0. Erickson This report was prepared
by Gary Kelso and Or. Erickson of Midwest Research Institute (MRI). Oavid C.
Cox of the Washington Consulting Group, 1625 [ Street, N.W., Washington, 0.C.
20006, contributed to the sampling design (Section S.0) and compositing strat-
egies (Appendix) sections under subcontract to Battelle Columbus Laboratories,
Subcontract No. F4138(8149)43S8, EPA Contract Mo. 68-01-6721 with the Oesign
and Oevelopment Branch, Exposure Evaluation Division.

This report is a revision of a previous draft report entitled
“"Field Manual for Verification of PCB Spill Cleanup" (Draft Interim Report
No. 3, Task 37, EPA Prime Contract No. 68-02-3938, June 27, 1985). Both
English and metric units are used in this document, where appropriate. EPA
field inspectors will most commonly measure the site in English units; there-
fore these units were used for the site measurements in this report.

The EPA Work Assignment Managers, Danfel T. » Richard A. Levy,
and John H. Saith, as well as Joseph J. Breen and Cindy Stroup of the Office
of Toxic Substances, provided helpful guidance. Ms. Joan Westdrock and
Mr. Ted Marrison of MRI and Mr. David Phillippi and Mr. Robert Jackson of
EPA Regfon VII assisted in the field validation of this manual.
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1.0 SCOPE AND APPLICATION

The purpose of this manual is to provide detailed, step-dy-step
guidance to EPA staff for using hexagonal grid sampling at a PCB spill site.
Emphasis is placed on sampling sites which have already been cleaned, although
the sampling methods presented may also be used at PCB spill sites which have
not been cleaned. Guidance is given for preparing the sample design; collect-
ing, handling, and preserving the samples taken; maintaining quality assurance
and quality control; and documenting and reporting the sampling procedures
used. An optional strategy for compositing samples is given in the appendix.

This s a companion document to the report “Verification of PCB
Spill Cleanup by Samplihg and Analysis” (EPA 560/35-85-026, August 1985, Second
Printing). That report provides an overview of PCB spill cleanup activities
and guidelines for sampling and analysis including: sampling designs, sam~
pling technigues, analytical techniques, selection of appropriate analytical
methods, quality assurance, documentation and records, and reporting results.
The previous report provided the rationale and background for the techniques
selected and describes sany options in greater detail.

This "how=to" report concentrates on detailed guidance for field
sampling personnel and does not attespt to provide background information on
the techniques presented. This sanual addresses field sampling only and does
not provide information on laboratory procedures, including sample analysis,
data reduction and laberatory data reporting. The types of field sampling
situations discussed 1n this menual are these typically found when a PCB spill
results from a PCB article, PCB container, or PCB equipment spill. Unusual
PCS spill sftuations, such as slongated spills on highways from a mcving
vehicle, largs spills in waterways, and large, catastrophic spills, are not
addressed. '



2.0 SUMMARY
This manual is divided into the following sections:

Safety
Sampling Equipment and Materials
+ Sample Design
- Sample Collection, Handling, and Preservation
Quality Assurance
* Quality Control
Documentation and Records
+ Validation of the Manual

Safety aspects of field sampling include wearing proper protective
equipment, practicing good hygiene, using safe work practices, and training
field inspectors in safety procedurss. Sampling equipment and materials in-
clude parsonnel equipment, sampling equipment, and documentation saterials.
Prior to making the field sampling trip, the EPA inspector should ensure that
all sampling equipment and saterials are available, and that all sampling
containers and equipment have been properly precleaned.

The sample design {s based on a hexagonal grid of 7, 19, or 37 sam-
ple points. A step-wise method describes how to construct a diagram of the
°CB spill site on graph paper; determine the radius and center of the sam-
pling circle; determine which grid size to use; lay out the grid on the dia-
gram; and then lay out the sampling grid on the site.

, Aftar the sampling grid has been laid out on the sits, a sample
aust be taken at each grid point. Methods to collect, handle, and preserve
different types of samples, including surface soil samples, soi) core samples,

surface and subsurface water sasples, wipe samples from nonporous hard sur-
faces, destructive samples from porous hard surfaces, and vegetation samples,
are suggested. For each type of sample to be taken, methods are recommended
to prevent cross-contamination between samples.

e’



Quality assurance (QA) and quality control (QC) must be an integral
part of any sampling scheme. A quality assurance plan must be developed by
appropriate EPA offices according to EPR guidelines and be submitted to the
regional QA officer or other appropriate QA official for approval prior to
sampliing PCB spill sites. Each EPA office must operate a forsal QC program
and all QC measures should be stipulated in the QA plan. Some of the require-
ments of qualfty control are discussed in this report, including field blanks,
sampling without cross-contamination, sample custody, and documentation of
the field sampling activities. '

A1l sampling activities should be thoroughly documentad and reported
as a part of the verification process. Each EPA office 1s responsible for
preparing and maintaining complets records, including an equipment preparation
log book, a field log book, site description forms, chain-of-custody forms,
sample analysis request forms, and field trip reports. |

Section 10.0 briefly describes a field study which was conducted to
test and validate the sample design given in this manual. The study showed
that the sampling design is easy to follow and understood by those unfamiliar
with the manual prior to reading it, and that the grid sample points can be
correctly laid out in a relatively shart period of time.

The appendix gives strategies that say be used to composite the
samples taken at a PCB spill site when compositing is deemed to be desiradble.

3.0 SAFETY

A PCB spil) site which has been cleaned up should have very low
levels of PCBs present. The EPA inspector(s) who sample the site to verify
that the sits has been properly cleaned uwp should, however, take some pre-
cautions to minimize any exposure to PCls or other potential hazards at the
site.



In order to ensure that the inspectors understand and practice good
safety procedures, & training and educition progras should be established and
2 health and safety sanual provided by the responsible EPA officer. The pro-
gram sheuld inform inspectors of the potantial hazards of exposure to PCls,
and the proper safety procedures to fallow when sampling PCB spill sites.

4.0 SAMPLING EQUIPMENT AND MATERIALS

The equipment and saterials required to sample a PCB spill site
will vary with the types of samples to be taksn. The general 1ists of equip-
ment and materials given bDelow must bDe adjusted for the specific requirements
of each spill. The 11sts include personnel equipment, sampling equipment and
materials, and documsentation saterials which should be taken to the spill site
by the EPA inspector. These equipment and saterials msust be assembled prior
to making the site visit, and a1l sampling containers and sampling equipment
aust be precleaned.

4.1 Personnel Equipment

The inspector should take the following personnel equipment to the
spill site:

Disposable rubber gloves
+ Plastic overshoes
- Safety glasses
+ Impervious paper-1ike coveralls
* Hardhat
+ Safety shoes
« First-aid kit
+ Other safety equipment specified by safety officer



4.2 Sampling Equipment and Materials

Since the types Oof samples to be taken at a spil! site may vary fros
site to site, the following sampling equipment and materials should bDe taken:

Precleaned glass sample jars with Teflon-lined caps
Aluminua foil (solvent-rinsed)
Container of reagent-grade solvent ({scoctane is recommended)
Box of 11 ca filter paper (e.g., Whatman 40 ashless or Whatman
SO ssear tabs)
Gauze pads
Stainless steel farceps
Stainless steel templates (10 cm x 10 cm square)
Stainless steel trowels, Teflon scoops, or laboratory spatulas
(precleaned) :
« Soil caring devices (such as King-tube samplers or piston corers)
* Hemmer and chisel ’
+ Hole saw and dril)
+ Pruning shears
+ Stainless steel buckets
Disposable wiping cloths
Plastic disposable bags
Sample bags and seals
+  Survey stakes
100 ft tape msasure
- lca chasts containing ice or ice packs and secured with padlocks
» Compass and seps
+ QOuct tape
. Subsurface water sampling equipment (such as pusps, siphons,
glass sampling jars with attachments, etc.)
+ Container of distilled water
* Stainless stee! aixing bowls and spoons



4.3 Documentation Materials

The following documentation materials should be taken to the field
site:

Field log book
Chain-of-custody forms
« Sfte description forms
- Sample analysis request forms
+ Sample bottle labels
+ Camera with fila
Yellow TSCA PCB marks

.

4.4 Trip Preparation

The EPA field {nspectar must assemble all the mcoisary equipment
and materials prior to making the field sampling trip. Special attention
should be given to assuring that all of the equipment and saterials are avail-
able, and that the sample containers and sampling equipment have been properly
precleaned. The equipment preparation should be documented in a log book
(Section 9.1) prior to making the trip.

S.0 SAMPLE DEST

The matheds 0 be used for detarmining the sample point locations
at a PCB spill site are given in this section, and are Dased upon a hexagonal
grid sample design which was recommended in the repert "Verification of PC8
Spill Cleanup by Sampling and Analysis.” Although the grid design fnvolves
sore samples and & sere complicated layout than the usual grad saspling meth-
ods, the grid design is essential to obtaining a representative sample of the
site and greatly increases the chance of detecting high levels of PCB contam-
fnation when they exist. For example, when 4% of the PCB spil) site resains
contaminated at 50 ppm after cleanup, analysis of samples from a 37-paint



grid has a 98X chance of detection of this contemination level, while analysis
of six random grab samples from the site has only a 3X chance of detection
(Boomer et al. 198S).

The hexagonal grid sampling design is to be laid out within a sam-
ple circle centered on the spill site, and extending just beyond its boun-
daries. Preparation of the design requires the following steps:

Step 1: DOfagram the Cleanup Site

Step 2: Dfagram All Cleanup Surfaces in the Same Plane

'Step 3: Find the Center and Radfus of the Sampling Circle

Step 4: Determine the Number of Grid Sample Points to Use

Step 3: Lay Out the Sampling Points on the Diagram Constructed in
Step 2

Step 6: Lay Out the Sampling Locations on the Site

Step 7: Consider Special Cases and Use Judgment for Sasple Points

The discussion which follows gives the methods to be used in accom-
plishing each step of the hexagonal grid sampling design, using a three-
dimensional spill surface as an example. Following this discussion, a simple
example of laying out the sample design on a rectangular two-dimensional sur-
face is given.

S.1 Step 1: Otagres the Cleanup Sits

Oraw a scale diegram of the cleamp site on graph paper, including
vertical surfaces (walls, fences, etc.), noting important dimensfons and dif-
ferent types of surfaces (sod, cement, asphalt, etc.). Such a diagrim may
sometimes be found in records of the cleanup. If not, site measurements
should be taken. Great accuracy (e.g., using surveying instruments) is not
necessary, however; the use of a tape seasure and pacing should be adequate.
An exasple diagram is shown in Figure 1 on a scale of 1 in. = 4 ft,
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The site diagram should.include as many refearencs pcints as neces-
sary to relocate the spill area in the futyre, if necessary. For example,
a spill site in an open field should be located with respect to nearby struc-
tures such as roads, telephone poles, buildings, etc. The direction of norih
should be indicated on the diagram.

If available, a detailed drawing or a survey plot of the spill site
should be cbtained from the individual(s) that cleaned the site.

5.2 Step 2: Oiagram All Cleanup Surfaces in the Same Plane

The purpose of this second diagram is to determine and show the
dimensions of the total cleanup area, including vertical surfaces, so that
the required sample size can be found. The diagram also facilitates the
detersination of sampling locations on vertical surfaces. Constructing the
diagram is analogous to flattening a cardboard box. A)l vertical surfaces
are placed in the same plane as the adjoining horizontal surfaces. Figure 2,
also on a scale of 1 in, = 4 £, shows the example spill cleanup site dia-
grammed in the same plane. The actual site dimensions are shown in feet.

$.3 Step 3: Find the Center and Radius of the 1ing Circle
In practice, the contaminated area from a spill will be {rregular
in shape. In order to standardize sample design and layout in the field,
samples are collected within a circular ares surrounding the contaminated
area. The sampling circle {s, spproximately, the smallest circle contain-
ing all cleanup surfaces diagrammed in Step 2.

A recommended procedurs for finding the center and radius of the
sampling circle {s 11lustrated in Figure 3 and is described below:

1. Oraw the longest dimension, L,, of the site diagrem in Step 2.

2. Find the aidpoint, P, of L,.



ol

‘ouv|d swes oyy u} powmeJbeip
9)s dnuved ||}ds Sidwex] °2 84nb} 4

e ——
NOI3UE))) J(Baep|S
aZ/"Z . +-‘
|
o
(10)
-
A (sioydvy) (ves3v0))
Aanaapq oM
|
X 1
Z/t=51
$10 |
\
N ]
- |
3~ { M0

07




I L) L2
N \
i 15=1/2'
’ I S%
L
20° Wall
Cs {1 . - .
| ., )
Driveway - j
Dirt >
a
7;1/2‘
i

L——r —-—[p J

sm‘% .

Figure 3. Locating the center and sampling radius of the
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3. Oraw a second dimension, L,, through P perpendicular to L,.
L, extends to the boundaries of the site diagrae.

4. The midpoint, C, of L; is the center of the sampling circle.

5. The distance from C to either end of the longest dimension, (,,
is the sampling radfus, r.

Figure & 11lustrates the application of this procedure to a site
with an frregular shape, and Figure 5 shows the procedure for a variety of
irregularly shaped areas. These figures show that the center and radfus
determined are generally reasonable.

5.4 Step 4: Oetermine the Number of Grid Sample Points to Use

The number of grid samples to De taken at a site depends upon the
radius of the sampling circle, which is determined from the scale diagram
shown in Figure 3. The number of samples to be taken at a spill site should
increase as the radius of the sample circle increases. The reason for this
fs that the probabilfty of detecting residual PCB contamination at a given
site increases as the number of grid samples increases. Table 1 shows the
required nuaber of grid samples for sampling circles with a radfus of 4 ft or
less (seven samples); greater than 4 ft to 11 ft (19 samples); and greater
than 11 ft (37 samples).

Table 1. Required Numbder of Grid Samples Based
on the Radius of the Saspling Circle

Sampling readius, r (ft) Nusber of Samples
$4 ‘ 7
> 41 19
— > 11 < 37

12



(a) Oraw longest dimension, Lj, (b) Find midpeint, P, of L;.
on site diagram.

7S Vi

(c) Draw ling, L2, through P (d) The midpaint, C, of L2 is the
perpandiculer to L). _ center of the sampling circle.

(e) The distance from C to the end of L]
is the sampling radius, r.

Figure 4. Method to find center and radius of the sampling circle.
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The radfus, r, for the example site fs 3-1/4 in. in Figure 3. Thus,
the actua! site sampling radius is 13 ft (3-1/4 in. x 4 ft/in.) and the nuam-
ber of grid sampies required is 37,

Figures 6, 7, and 8 illustrate the hexagonal grid sampling design
for the three sample sizes given in Table 1, for a sampling radius of 4, 10,
and 20 ft, respectively.

5.5 Step 5: Lay Out the Sampling Points on the Ofagram Constructed in
Step 2

The geometric properties of the hexagonal designs can be used in
many ways to lay out the sampling points. Perhaps the simplest way to pro-
ceed is as follows. Define s to be the distance betwesen adjacent points and
u to be the distance between successive rows of the design. The distances
s and u are given in terms of the sampling radfus, r, in Table 2 below for
the given number of samples defined by the radius rule -and listed in Table 1.

Table 2. Geometric Parameters of the Haugom'l Grid Designs,
for Sampling Radius r

Oistance, s, between Otistance, u, between
Number of samples adjacent sample points successive rows
7 0.87r 0.75r
19 0.48r 0.42r
37 0.30r 0.26r

The recommended sethod for laying out the sample points of the
hexagonal grid on the scale diagram is illustrated in Figure 9 and is de-
scribed below. '

1. Oraw a diameter of the sampling circle on the scale diagraa.

The orientation of the diameter (e.g., sast-wast) should be chosen to maximize
the number of sample paints which fall within the spill area, when practical.

1%
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(a) Center of cleanup area, C.

(b) Middle row of grid points
located distance, s, apart.

(e) Next two grid rows perpendicuiar
‘lm. Y, fl'OM middie row,

(d) Completed 19 sample point grid.

Figure 9. Construction of sampling grid on a site dugru.'
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A transparent overlay like Figures 6, 7 and 8 (using the appropriate scale)
may be helpful in determining the orientation of the diameter.

2. Place the center point of the hexagonal design at the center (C)
of the sampling circle. Lay out the middle row of the design along the diam-
eter with successive points a distance, s, apart.

3. To lay out the next row, find the sidpoint between the last two
sample points of the middle row and move a distance, u, perpendicular to the
middle row as shown in Figure 9. This is the first sample point of the next
row. Now lay out the remaining points at distance s from each other. By
systematically following this plan, the entire design can be laid out.

Figure 10 shows the sample point locations for the 37 grid points
for the exasple PCB spill sits diagrammed previously in Figures 1, 2, and 3. .

On the diagram, r = 3-1/4 in. so from Table 2 the grid spacing is s = 0.30r =
1 in. and the distance between the rows is u = 0.26r = 7/8 in.

In Figure 10, a horizontal diameter fs drawn through C. Saspling
locations 1 through 7 are marked 1 in. apart. To lay out the next row of the
design, we first find location 8. Point D is the midpoint between locations
3 and 4. Then, as described, location 8§ is a vertical distance v = 7/8 in.
(31t § in. on the site) above D. Now locations 9 through 13 are laid out
1 in. apart. In the sams way, locations 14 through 18 are found. Continuing
30, the entire grid is marked on the diagras.

A1l of the sample peints in Figure 10 are numbered (1 to 37). Any
type of numbering system can be used, but the points must each be identified
so that the location of the samples taken can be fdentified by reference to
the disgrem points.

Note that sampling locations 4, 7, 8, 13, 23, 34, 35, 36, and 37
are outside the cleanup ares. Of these, locations 4, 8, 23, 34, and 35_do
not correspond to a physical location--all are in "thin air,” so to speak--
and samples cannot be collected at these locations. Locations 36 and 37 are
concrete samples; locatfons 7 and 13 are dirt samples (from Figure 2).

20



Figure 10. S
ampling locations on the example PCB spill sit
e.
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The orientation of the sample circle diameter shown does rot ac-
tually saximize the number of points falling within the spill area, since a
45° clockwise rotation would result in only 8 points lying outside the spill
area instead of the 9 points shown. However, a 45° orientation would make
the sample points very difficult to locate on the actual site with little to
gain by the addition of one more sample point within the spill area.

5.6 Step 6: Lay Out the Sampling Locations on the Site

To locate the sample points on the site, use the same procedure as
was used to construct the diagram of the sample points in Step 5, but use a
tape measure or pacing, as appropriate, to measure distance. Since s = 1 in.
in the diagram (Figure 10), then s = 4 ft on the site. Simflarly, u = 3 ft
6 in. on the site. It may be helpful to show the actual distances (in ft) on
the diagram before laying out the site sample points. For exasple, the sam-
ples on the wall are most easily found by measuring the distance on the scaled
diagram from one end of the wall and the height above the driveway, and then
converting these measurements to find the actual location on the wall. Con-
sider point 32, for example. On Figure 10, it is located approximately 3/4 in.
above the driveway and 5/8 in. from the left edge of the wall. On the site,
then, this point is 3 ft above the driveway and 2-1/2 ft from the left edge
of the wall.

The PCB spill site should be considered contaminated until labora-
tory analyses of the samples taken verify the site is clean. Therefore, cau-
tion should be exercised when sarking the sample points on the site to prevent
possidble cross-contamination. The inspector should make sinimum contact with
“the spil) surfaces. One method for accomplishing this would be to cover the
surfaces with plastic sheeting. |
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$.7 Step 7: Consideration of Special Cases

$.7.1 Sample Points Qutside the Spill Cleanup Area

Samples from points outside the spill area should generally be col-
Tectad, although taking these samples is at the discretion of the inspector.
Collection of these u.flu peraits the EPA to check the contamination of
samples outside the spill area designated by the party responsible for the
cleanup. This provides a mechaniss for assessing whether the spill area was
underestimated by the cleanup Crew.

In cases where the contaminated area is very different from a cir-
cle (e.g., a very elongated ellipse) the sampling circle may be a poor ap-
proximation of the contaminated area, and a moderate to large percentage of
the sampling points say fall outside the contaminated area. If the sampler
is certain that the spill boundaries truly represent the contaminated area
(i.e., there is definitely no contamination ocutside of this area), then f{t
fs permissible to disregard those sampling points falling outside the con-
taainated area. However, it is stil)l good practice to collect such samples
because the effort required to return to the sits and sample again (should
these samples be needed for any reason) is such greatsr than the effort re-
quired while on site.

5.7.2 Sl fons Wh Not Phygicaily Exist

The grid can atso indicata sample locations which do net physically
exist on the real sits. These locations are in "thin air” so to spesk and
cannot be sampled. The number of samples to be collected is adjusted down-
ward for these samples; replacesent locations are not needed.

5.7.3 Jydgmenta) Samples

The inspector's best judgment should be used to collect samples
where residual PCB contamination is suspected. These samples would be
collected in addition to those from the sampling grid. Examples of extra
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sampling points include suspicious stains outside the spill arss, cracks or
crevices, or any area where the iaspectur suspects inadequate cleanup.

§.7.4 Sempli Small Areas

The grid sample design specifies that ssven samples should be taken
in areas which have s sample circle radfus of Tess than & ft. In cases where
the spill area s very small, fewer than seven samples can be taken at tre
discretion of the EPA inspector. '

$S.8 Example of Laying Qut the SQ_ le Design

This section summarizes the step-wi ic procedures required to deter-

mine the locations of the grid sample points at a PCB spill site. The oxup\a =

used is a simple 8 x 10 f¢ uctamhr spill site.
S and 2: Measure and Oiagras 111 C1 Site
The PCB spill cleanup site must first be measured (usuily with a
tape measure). Then the site should be drawn to scale on graph paper. In
this example, the site is assumed to be an 8 x 10 ft rectangle, as shown in
Figure'll. A scaleof 1 in. = 2 ft {s used.

S H raine " fus of Sampliing Circle

The center and radius of the sampling circle is determined on a
separats diagram as follows, and is f1lustrated in Figure 12:

1. Orar the site diagras to scale (same as Figure 1l).

2. Oraw a line representing the longest dimension, L of the
site diagram.

3. Find the aidpoint, P, of L,.
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Figure 11. Scale diagram of PCB spill site.
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4. Oraw a second line, L,, perpandicular to (,, through point P.
Line L, sust extend to the baundaries of the site.

S. Find the midpoint, C, of line ;. Point C is the center of the
sampliing circle. (In this example, points P and C coincide,
but will not cofncide for many other types of configurations.)

6. Measure the distance from point C to either end of L,, which
is the sampling redius, r. The distance, r, should be measured
to the nearest 1/18 in.

7. Scale radius, r, up to actual size. In this example, the

radius, r, is 3-1/4 in. on a scale of 1 in. = 2 ft, or 6-L/2 ft
(3-1/4 in. x 2 ft/1n.).

Step 4: Find the Number of Grid Samples to be Used

The number of samples to be taken in a hexagonal grid depends upon
the length of the sampling radius, as shown in Table 1 and repeated here.

Sampling Radius, r (ft) " Number of les

4 7
>4-1 19
>1 37

Since the radius in this example 1s €~-1/2 ¢, the number of sampling
paints would be 19.

:_Plot the 11ng Paints on the Site Diagram
The s-llni:poinu in a grid row are a distance, s, apart; and the

grid rows are a distance, u, apart. Tha distances s and u are determined from
the following tabdle. '
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Oistance, s, Between Distance, u, Betwaun

Number of Samples Adjacent Sample Points Adjacent Rows

7 0.87 r 0.7 r
19 0.48 r o.2r
37 0.3¢ r 0.26 r

In this exampie, the distance, s. between the points in a row is
1-9/16 in. ((0.48) x (3.25 in.)] on the diagram, or about 3 ft 2 in.
[(1-9/16 in.) x (2 ft/in.)] on the actual sits. The distance, u, between
rows is 1-3/8 in. [(0.42) x (3.25 in.)] on the diagram, or about 2 ft 9 in.
((1-3/8 in.) x (2 ft/in.)] on the actual site.

The center poiht of the grid 1ies on the center, C, of the sampling
circle. Construct the hexagonal grid and superimpose it over the site diagram

(constructed on a third piece of graph paper), as 1llustrated in Figure 13 for —

this example. The middle row of the grid (points 1 through 3) should de
oriented to maximize the nuaber of sample points which lie within the bound-
aries of the spill cleanup site.

It should be noted that adjacent rows are staggered, and that the

sample points of one row are located midway (horizontally) between the sample
points of the other row.

Step 6: Mark the Sample Points on the Site

Starting at the center, C, of the spill cleanup sits, mark the mid-
dle row points a distance of 3 ft 2 in. apart. Locate the adjacent rows a
distance (u) of 2 £t 9 in. fros the middle row, and mark the four sample
points in each of these rois a distance of 3 ft 2 in. apart. Complete the
site sampling grid with the other two rows of sample points.

6.0 SAMPLE COLLECTIOM, MANOLING ANO PRESERVATION

After the sampling grid has been diagrammed on the site description
forms and Yaid out on the site, a sample sust be taken at each grid point.
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Until the samples have been analyzed, the entire area must be assumed to ve
contaminated with residua) PCBs. Therefore, appropriate measures must bde
taken to protect workers and the general public, prevent cross-contamination
of samples, and prevent contamination of the surrounding area during sampling.
Detailed contamination prevention procedures should be given in the staff
training (Section 3.0 and 8.2).

PCB spill sites will vary widely in nature, and the types of media
to be sampled may include soil, sod, water, hard surfaces, and vegetation.
This section presents some general methods that can be used to sample these
different media. These sample collection, handling and preservation tech-
niques are provided for information; other techniques may also be used. Ad-
ditional sample collection guidance documents are also available (Mason 1982;
USEPA 1981).

6.1 Surface Soi! Sampling

When surface soil (or sand) is to be sampled, the sample area should
be marked by a 10 cm x 10 cm (100 ca?®) template. The soil should bde scraped
to a depth of about 1 cm with a stainless steel trowe!, scoop, or spatula to
yield about 100 g of sofl. If more soil is required, the area should be ex-
panded without increasing the depth of sofl obtained. The soil sample should
be placed in a precleaned glass bottle, the bottle capped, the sample bottle
Tabel filled out and attached, and a yellow TSCA PCB mark affixed. The bottle
should be sealed in a plastic sample bag and placed in an ice chest containing
fce (to keep the sample &t about 4°C). If samples are to be analyzed soon,
the cold storage requirements may be relaxed as long as sample intagrity is
maintained. The sample collection data should be entered in the field log
book and on the chain-of-custody form.

The template used to mark surface soil samples, the scoop or spatula
used to take the sample, and the rubber gloves worn by the inspector are all

sources of cross-contamination between samples. Ideally, a different template,

scoop, and pair of rubber gloves should be used to take sach sample. The
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template and scoop may then be placed in a plastic bag to ba taken back to the
laboratary to be cleaned for the next field sampling job. The rubber gloves
should be discarded into a plastic bag which will be disposed of as PC8-
contaminated material if any samples exhibit PC8 contamination.

If a sufficient number of tempiates or scoops are not available to
use only one {tem per sample, then each of these equipment items must be
thoroughly cleaned between samples. The template and scoop should be thor-
oughly rinsed with solvent and wiped with a disposable wiping cloth (which
should be discarded into the plastic bag intended for disposal of PCB-
contaminated materials).

6.2 Soil Core-Sampiling

When core samples of sod or soil are needed, the samples may be taken
using a coring device such as a piston corer or King=tube sampler. Core sam-
ples should be taken to a depth of about S cm. The soil core can be pushed
out into a precleaned glass bottle and capped, or the tude containing the sam-
ple can be wrapped in solvent-rinsed aluminua foil, depending upon the type
of coring device used. The sample should be properly labeled, a yellow TSCA
PCB mark affixed, and placed in an ice chest (to keep the sample about 4°C).

[f samples are to be analyzed soon, the cold storage requirements say be re-
laxed as lTong as sample intagrity is saintained. The sample collection data
should be entared in the field log book and on the chain-of-custody form.

Core samples of soil or sod should be taken with individual core
tubes for cach sample. If this 1s not possidble, then the coring device should
be rinsed with solvent and wiped with a disposable wipe cloth to resove any
visible particles before taking another sample. After each sample, rubber
gloves and wipe cloth should be discarded into a plastic bag intended for dis-
posal of PCB-contaminated saterials.
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§.3 Vater Seapling

PC8 spills on water may result in a surface film (particularly when
the PCBs are dissolved in hydrocarbon ails) or sink to the bottom (particu-
larly when the PC8s are in askarel or other heavier-than-water matrix). Wwhen
2 surface film fs suspected (or visible), the water surface should be sampled.
Otherwise, a water sample should be taken near the bottom of the body of water.

6.3.1 Surface Samplin

Surface water samples should be collectad by lowering an open, pre-
cleaned glass sample bottle horizontally into the water at the designated sam-
ple collection point. As water begins to run into the dottle, slowly turn
the bottle upright, keeping the 1ip just under the surface so that only surface
water is collected. Lift the bottle out of the watar, wipe the outside with '
a disposable wiping cloth, and cap the bottle. Label the bottle, affix a
yellow TSCA PCB mark, and put the bottle in an ice chest (to keep the sample
at about 4°C). If samples are to be analyzed soon, the cold storage require-
sents may be relaxed as long as sample integrity is maintained. The sample
collection data should be entered in the field log book and on the chain-of-
custody form. The wiping cloth and rubber gloves should be discarded into a
plastic bag used for disposal of PCB-contaminated materials.

a

6.3.2 Subsurface Sampling

Water near the bottoma of the body of water should be sampled by
lowaring a sealed sampler bottle to the required depth, removing the bottle
" top, allowing the bottle to fill, and removing the bottle from the water.
Transfer the subsurface sasple into a precleaned glass bottle and cap. Wipe
the bottle with a disposable wiping cloth, 111 out and label the sample bot-
tle, affix a yellow TSCA PCB mark, and put the sample bottle in an ice chest.
If samples are to be analyzed soon, the cold storage requirements amay be re-
laxed as long as sample integrity is maintained. The sample collection data
should be entered into the field log book and on the chain-of-custody forw.
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The wiping cloth and rubber gloves should be discarded into a plastic bag
used for disposa) of PCB-contaminated materials.

To prevent cross-contamination of samples, separate sampler bottles
should be used to take the samples. Alternatively, the sampler bottle can De
rinsed three times with distilled water, soivent-rinsed, and air-dried between

samples.

Sometimes the above approaches to water sampling are not feasible.
In these cases, other equipment such as siphons, pumps, dippers, tubes, etc.,
say be used to collect a water sample and transfer it to a precleaned glass
sample bottle. The sampling system should be constructed of glass, stainless
steel, Teflon, or other inert, impervious, and noncontaminated saterials.
Water samples taken with siphons, dippers, tubes, pumps, etc., may become
cross~contaminated if the equipment is not clun«_l between samples. Equipment:
.cleaning say be achieved in most cases by flushing the equipment with dis-
tilled water and solvent.

6.4 Surface Sampling

Samples of hard surfaces say be taken by two methods: (a) wipe
sampling and (b) destructive sampling. VWipe samples are taken of any smooth
surface which is relatively nonporous (such as rain gutters, automobiles, and
aluainue siding), while destructive samples are taken of hard porous surfaces
(such as concrete, brick, asphalt, and wood). Ooth wipe and destructive sam-
ples say be takean {f it ts not known whether the surface is porous or not.

6.4.1 Mipe Sempling

A wips sample 1s taken by first applying & suitable solvent (such
as isooctane) to a piece of 11 cm filter paper (e.g., Whatmen 40 ashless or
whataan SO smear tabs) or gauze pad. The moistened f{lter paper or gauze
pad is then held with a pair of stainless steel forceps or rubber gloves and
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rubbed thoroughly over a2 100-cm2 ‘area (delinested Dy a tamplats) of the sem-
ple surface to obtain the sample. The f{lter or pad is placed in a precisaned
sample bottle, which is then capped, labeled, affixed with a yellow TSCA PCB
mark, and placed in an fce chest (to keep the sample at about 4°C). If sam-
ples are to be analyzed soonr, the cold storage requirements may be relaxed

as long as sample integrity is maintained. The sample collection data are
entered into the field log book and on the chain-of-custody form.

The template should be thoroughly rinsed with solvent and wiped
with a disposable wiping cloth. The rubber gloves worn when taking wipe sam-
ples and the wiping cloth should be discarded into a plastic bag for disposal
of PC8-contaminated materials.

6.4.2 Destructive Sampling

Wipe sampling is not appropriate on some porous surfaces, such as
wood, asphalt, concrete, and brick, which will absord the PCBs. In some
cases, these surfaces can be sampled by taking a discrete sample such as a
piece of wood or paving dbrick. Otherwise, chisels, drills, hole saws, etc..
can be used to remove sufficient sample for analysis. Samples less than 1 cm
deep should be taken and placed in a glass sample bottle or solvent-rinsed
aluminua foil. Each sample container should be labeled, affixed with a yellow
TSCA PCB mark, and placed in an fce chest. 1f samples are to be analyzed soon,
the cold storage 2quirements say be relaxed as long as sample integrity fis
maintained. Samole collection data should be entered into the field log book
and on the chain-of-custody fora.

Cquipment used to take samples of wood, asphalt, etc., should de
cleaned with solvent and wiped between samples. Also, rubber gloves and wipe
cloths should be discarded into a plastic disposal bag fntended for PCB-
contaminated materials.
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The elemants of a QAP (USEPA 1980) include:

Title page

Table of contents

Project description

Project organization and responsibility

QA objoctivos for seasurement data in teres of precision, accuracy,
completeness, representativeness, and comparsbility

Sampling procedures

Sample tracking and tracesbility

Calibration procedures and frequency

Analytical pr?codurts

Data reduction, validation, and reporting

Internal quality control checks

Pcrfornaneo and system audits

Preventive maintenace

Specific routine procedures used to assess datas precision,
accuracy, and completeness

Corrective action

Quality assurance reports to sanagesent

Each EPA inspector who will sample PCB spill sites should understand
and conform with all elements of the QAP.

8.0 QUALITY conTay

Cach EPA office that samples PCB spil) sitas must operate s formal
quality ceatrel (QC) program. The minisus requirements of this program con-
sist of preparing field Dlanks for the laboratory; sampling without contam-
ination of samples; maintaining a rigid chain-of-custody procedure for the
samples; and fully documenting the entire salpling prograa and maintaining
records of the documentation.
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The sampling equipment should be precleaned before the site visit
by rinsing with solvent and thoroughly wiping the equipment down. Cross-
contamination during sampling can be avoided by using a separate sampler (such
as a scoop, spatula, corer, etc.) for each sample, or cleaning the sample
equipment between samples. Methods that can be used to clean the equipment
between samples are given in the sample collection, handling, and preservation
discussion (Section 6.0).

8.3 Sample Custody

As part of the quality assurance plan, the chain-of-custody proto-
col must be described. A chain-of-custody provides defensidble proof of the
sample, and data integrity. The less rigorous sample traceadility documenta-
“tion merely provides a record of when operations were performed, and by whos.
Sample traceability is not acceptadble for enforcement activities.

Chain-of-custody is required for analyses which may result in legal
proceedings, and when the data must be subject to legal scrutiny. Chain-of-
custody provides conclusive written proof that samples are taken, transferred,
prepared, and analyzed in an unbroken 1ine as & means to safntain sampie in-
tegrity. A sample is in custody if:

It {s in the possession of an authorized individual.

It 1s in the field of vision of an authorized individual.

It is in a designated secure area.

It has been placed in a locked container by an authorized
individual.

A typical chain-of-custody protocol contains the following elements:

1. Unique sample identification numbers.
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9.0 QOCUMENTATION AND RECORDS

Each EPA office is responsible for preparing and maintaining com-
plete records of the field sampling operations. A detailed documentation plan
should be prepared as a part of the QAP, and should be strictly followed. The
following written records should be maintained for each field sampling opera-
tion:

Equipment preparation 1og book
Sample codes

Field log book

Site description forms
Chain-of-custody forms

Sample analysis request forms
Field trip report

9.1 Equipment Preparation Log Book

A log book should be maintained which 1ists the sampling equipment
taken to each spill site. A detailed description of the cleaning and prepara-
tion procedures used for the sample collection equipment (templates, scoops,
glass bottle, etc.) should be recorded.

9.2 Sample |

Each sample should be assigned a unique sample code and labeled
accordingly when collected. The sample code should contain information on
the site and which sampling point the sample represents. This sample code
sust be used te {dentify all sample records.

Each sample must also be labeled with a yellow TSCA PCB mark as
described in 40 CFR 761.43 until {t {s deterained to be PCB free.
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Photographs (preferably Polaroid-type photographs) of the site. Each form
and photogragh should be signed and dated by the EPA inspector.

9.5 Chain-of-Custody Forms

Chain-of-custody forms should be completod and accompany the samples.
These foras should contain the following information:

+ Project site
- Sample identification number

Date and time of sample collection
+ Location of sample site
+ Type of sample (soil, water, etc.) N
+ Signature of sample collector
+ Signatures of those who relinquish and those who receive the

samples, and date and time that samples change possession

+ Inclusive dates of possession

9.6 Sample and Analysis Request Forms

A sample analysis request form should accompany the samples de-
livered to the laboratory. The field inspector should enter the following
information on the fore:

¢ Project site

* Name of sample collector

* Sample identification numbers

* Types of samples (soil, water, etc.)

* Location of sample site for each sample

+ Analysis requested [anslyte (1.e., total PC8s), method, desired
sethod detection Viait, ete.]

+ QC requirements (replicates, lab dlanks, lab spikes, etc.)

+ Special handling and storage requirements
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Four simulated spill sites having the following characteristics

were laid out: -

A rectangie (3 ft x 6 ft)
A parallelogram (about 3 ft on a side)
A circle (about 12 ft diaseter)

+ A square (6 ft on a side)

The first two sites required seven grid sample points, and the other two re-
quired 19 grid sample points.

Each of the four "inspectors" laid out the grid sample points on
two of the four sites after constructing the designs on graph paper. In all
cases the sampls points were laid out correctly with Ifttle or no difficulty
in 30 min or less. Each inspector commented that there was 1{ttle or no dif-
ficulty in performing the oxnrcf;;s.

As a final exercise, a large irregular simulated PCB spill site
was constructed, and all attendees participated in laying out the 37 grid
sample points. The spill site was designed so that some sample points were
located on the floor and two adjacent walls to make the exercise relatively
difficglit. The 37 grid sample points were laid out correctly with relative
ease in about 45 ain. Scli discussions were required to decide how to treat
sampling points which fell in the overlap where the two walls intersectad.

It was concluded from the exercise and discussions which followed
that: (1) the field sanual is easy to follow and understood by people un-
faailiar with the sanual prior to reading it; (2) the grid sample points are
never "perfectly” laid out (with the sample points prociscly aligned) so that
some degree of randomness is built into the sample designs; (3) the time re-
quired to lay out the grid sample points after the boundaries of the spill
sita have been detarmined s relatively short (less than 1 h); and (4) using
this manua), the grid sample points can be correctly laid out by inexperienced

people.
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4. To the extent possible, composite adjacent samples. [f resi-
dual contamination is present, it is likely that high PCB levels will be

found in some samples taken close together.

Because of the large number of situations that may be encountered
in practice, it is not possible to specify compositing strategies more pre-
cisely. The laboratory and field staff should exercise Judgment in all cases.



1.0 SCOPE AND APPLICATION

The purpose of this manual is to provide detailed, step-bdy-step
guidance to EPA staff for using hexagonal grid sampling at a PCB spill site.
Emphasis is placed on sampling sites which have already been cleaned, although
the sampling methods presented may also be used at PCB spill sites which have
not been cleaned. Guidance is given for preparing the sample design; collect-
ing, handling, and preserving the samples taken; saintaining quality assurance
and quality control; and documenting and repcerting the sampling procedures
used. An optional strategy for compositing samples is given in the appendix.

This is a companion document to the repert “"Verification of PCB
Spi1l Cleanup by Samplihg and Analysis“ (EPA 580/5-85-026, August 1985, Second
Printing). That repart provides an overview of PCB spill cleanup activities
and guidelines for sampling and analysis including: sampling designs, sam~
pling techniques, analytical techniques, selection of appropriate analytical
sethods, quality assurance, documentation and records, and reporting resuilts.
The previous report provided the rationale and background for the techniques
selected and describes many options in greater detail.

This “how=to" report concentrates on detailed guidance for field
sampling personnel and does not attempt to provide background information on
the techniques presented. This sanua)l addresses field sampling only and does
not provide information on laberatory precedurss, including sample analysis,
‘data reduction and lsberatory data reporting. The types of fleld sampling
situations discussed in this menual are thosa typically found when a PC8 spill
results from a PCB article, PCB container, or PCB equipment spill. Unusual
PCB spi)) sftuations, such as elongated spills on highways from a mcving
vehicle, large spills in waterways, and large, catastrophic spills, are not
addressed. ‘
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